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Spasticity and excessive muscular cocontraction during 
movement are common impairments following upper motor 
neuron (UMN) lesions. For example, during voluntary ankle 
dorsiflexion, individuals with spastic type cerebral palsy (CP) 
do not inhibit the antagonist triceps surae motoneuron pool. 
This lack of reciprocal inhibition has been attributed, in part, 
to a supraspinal deficit. 1 It has also been suggested that indi­
viduals with CP have changes in spinal cord circuitry that may 
contribute to their movement impairments.2 ... Others have sug­
gested that the cocontraction that occurs during voluntary 
movement of individuals with CP is secondary to aberrant cor­
ticospinal projections that project concomitantly to agonist and 
antagonist muscles, such that each cannot be activated without 
the other.5 
Voluntary movement presumedly originates in associational 
areas of the sensorimotor cortex, whereas automatic move­
ments are triggered by peripheral afferents involving the 
vestibular, somatosensory, and visual systems. Comparing 
antagonist muscle alpha motoneuron modulations during vol­
untary and automatic movement might reveal the relative con­
tributions of the various mechanisms proposed for excessive 
cocontraction following UMN damage. A series of experi­
ments examined alpha motoneuron activity of the soleus mus­
cle during voluntary and postural perturbation-induced 
activations of the tibialis anterior muscle. 
H-reflexes were recorded from the soleus muscle using a 
repetitive stimulation methodology described in a previous 
publication.1 Recordings were made during voluntary ankle 
dorsiflexions and during dorsiflexions elicited by a posterior to 
anterior translation of a balance platform (Custom design; 
Porcella/Leonard). Surface EMG recordings (Therapeutics 
Unlimited) of the tibialis anterior and soleus were also 
obtained. Leg, ankle, and platform movements were recorded 
with a three-dimensional motion analysis system (4 camera; 
200 Hz Motion Analysis Co). H-reflex, sEMG, and kinematic 
data were interfaced and analyzed via a Sun Station computer 
system. Four subject populations were examined: (1) individ­
uals with CP (age range 18 to 45), (2) age-equivalent nondis­
abled controls (age range 21 to 45 years), (3) individuals with 
adult-onset cerebral vascular accidents (CVA) (age range 54 to 
73 years), and (4) nondisabled, older age-equivalent controls 
(age range 65 to 78 years). 
All nondisabled subjects, regardless of age, inhibited the 
soleus alpha motoneuron pool prior to tibialis anterior activa­
tion during voluntary ankle dorsiflexion. All subjects, regard­
less of age, inhibited soleus alpha motoneurons during 
automatic movements. There were differences in response 
characteristics between younger and older control subjects that 
will not be addressed in this paper. Individuals with CP and 
CVA did not inhibit the soleus muscle during voluntary ankle 
dorsiflexions. In general, these subjects did not inhibit the 
soleus during ankle dorsiflexions induced by postural pertur­
bations either (Figure 1). There were exceptions, however, to 
this general finding. Under certain circumstances, CVA sub­
jects and, to a lesser extent, individuals with CP, exhibited 
inhibition of the soleus muscle during automatic perturbations 
(Figure 2). Kinematic analysis of these trials revealed that sub­
jects had been pushed into an initial plantarflexion that 
exceeded 90 degrees, had unweighted the limb, and had a 
strong activation of the TA muscle. None of these conditions 
alone appeared to be sufficient to elicit soleus muscle inhibi ­
tion. Only when all three conditions were met did inhibition 
occur. 
These results are preliminary and, at the present state of 
analysis, are tentative at best. Yet the results are provocative 
enough to warrant an attempt at explanation. The ability of 
afferent input to modulate motor output has been known for 
quite some time.6.7 In humans, however, it had previously been 
hypothesized that postural perturbations triggered stereotyped 
kinematic and muscle activation patterns that could be 
described by a finite set of synergies or strategies (eg, ankle or 
hip strategy).8 It has now been shown that automatic postural 
reactions vary dependent on initial position of the body, 
ground reaction forces , kinetics, type of stimulation, and a 
multitude of other afferent information.9 11 The CNS appears to• 
modulate its output in response to such kinematic information 
as joint angle (stationary and dynamic) , direction of move­
ment, and the speed of angular changes. 12 It is important to 
remember that kinesthesia is composed of multisensory inter­
action. This interaction is accomplished by convergent input 
onto a common neural target (such as an interneuron or 
motoneuron) from divergent sources that include supraspinal 
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Figure 1. Graphic representation of one, 2-second trial. The subject, a 23-year-old female with spastic type cerebral palsy with 
quadriplegic involvement, activated the tibialis anterior muscle (TA) is response to a posterior to anterior translation of the bal­
ance platform. The soleus H-reflex (H) increased. During similar conditions, nondisabled subjects inhibit the soleus H-reflex. 
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Figure 2. Same subject and same condition as per Figure I, but in this trial the subject had inhibition of the soleus H-reflex fol­
lowing TA activation. Kinematic analysis of this trial indicated that the subject had unweighted the limb, and was initially pushed 
into plantarflexion. 
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and peripheral afferent projections. For instance, the la 
inhibitory intemeuron, which mediates disynaptic reciprocal 
inhibition, receives convergent input from la and lb afferents, 
Renshaw cells, and supraspinal projections. 13 Afferents from 
cutaneous receptors, spindles, and golgi tendon organs, 
together with supraspinal input, converge onto alpha motoneu­
rons.1•·15 These afferents respond to passive and active move­
ments and can inhibit or excite alpha motoneurons. 16 Tonic 
peripheral afferent input summates with supraspinal inputs to 
bias motor responses in one direction or another. Mastication 
provides an example of the motoric effects of summation. 
Subthreshold cortical stimulation to areas innervating muscles 
of mastication does not elicit muscular contractions. 
Distending the jaw does not evoke mastication. Distending the 
jaw concomitant with subthreshold cortical stimulation, how­
ever, does evoke mastication. 11 
Perhaps the tonic or dynamic supraspinal input of individu­
als with UMN damage is compromised so that greater than 
normal afferent input is needed to trigger reciprocal inhibition. 
Changing pressure on the sole of the foot (unweighting), 
increasing stretch of the TA (increased ankle excursion into 
plantarflexion), and enhanced TA activity might summate to 
provide additional drive and therefore trigger an appropriate 
response. There are human and nonhuman animal data to sup­
port this hypothesis. Unweighting of the limb during a postural 
perturbation increases TA activity in humans 11 and initiates 
flexion in spinal cats.18 Increased ankle plantarflexion during a 
postural perturbation in humans increases activity in the TA. 19 
Hip extension initiates swing phase in spinal cats.6 
Clinicians might want to try to make use of this information 
when treating patients with UMN damage. Therapists are 
already well aware of the effects of increasing afferent input to 
a muscle by stroking, tapping, or applying a quick stretch in 
order to enhance a voluntary contraction. The findings 
reported in the previous paragraphs suggest that a multitude of 
other afferent input might also be effective. Changing the kine­
matics or kinetics at one joint might have an effect on the joint 
immediately involved and at other joints and muscles involved 
in a multijoint movement. Further experimentation and clinical 
trials are needed to determine the most efficacious combina­
tion of afferent input. It is very likely that different afferent 
input will have various effects dependent on the task desired 
and the position of the body at the time of movement initiation. 
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Symmetry and Muscle Sequencing During Sit to 
Stand: A Comparison of Subjects With and 
Without Hemiplegia 
Carpenter CW, Evans CL, Crispell KF, Kirchhoff AK, 
Mountain JD, Wilson LE. Shenandoah University-Winchester 
Medical Center Program in Physical Therapy, Winchester, VA. 
The ability to transition from sit to stand is a requirement 
for many activities of daily living and is one of the most com­
monly used functional goals for patients with hemiplegia.1It 
has been suggested that in rising from a chair, body weight is 
distributed evenly across both lower extremities in persons 
without hemiplegia and unevenly toward the affected side in 
persons with hemiplegia.2 Studies by Engardt and Vander 
Linden have demonstrated that persons with hemipiegia do 
exhibit asymmetrical lower extremity weight-bearing during 
the entire sit-to-stand movement. 12 Unfortunately, there are 
minimal objective data on the asymmetry of weight distribu­
tion or muscle activity that occurs during sit to stand in patients 
with hemiplegia. The purpose ofthis study was to identify crit­
ical variables that differentiate subjects with and without hemi­
plegia during the sit-to-stand task. Our hypothesis was that 
there would be a significant difference in muscle activation 
pattern and symmetry in the task of sit to stand between two 
groups. 
